We are studying seed and fruit inhabiting fungi in Thailand and this paper introduces a new species, Diaporthe collariana, from Magnolia champaca fruits, collected in Chiang Rai Province. Molecular analysis of a combined ITS, TEF1, TUB and CAL sequence DNA and morphological data provide evidence to justify the new species. Diaporthe collariana is characterized by producing alpha and beta conidia, and conidiogenous cells with prominent, flared collarettes. The new species is compared with closely related species in the genus.
Introduction
Diaporthe species are plant pathogens, endophytes or saprobes, found on a wide range of hosts (Gomes et al. 2013 , Gao et al. 2014 , Dissanayake et al. 2017a . Previously species of this genus were considered as host-specific. However, as the same species can be found on more than one host, this is no longer valid (Rehner & Uecker 1994 , Gomes et al. 2013 , Dissanayake et al. 2017b . Currently, 171 species of Diaporthe, have been described from various plant hosts worldwide and species rank supported with molecular data (Gomes et al. 2013 , Dissanayake et al. 2017a , b, c, Gao et al. 2017 . However, most old epithets of Diaporthe lack molecular data and some morphological descriptions lack informative data (Dayarathne et al. 2016 , Gao et al. 2017 , Index Fungorum 2017 . Taxonomy of the genus relies largely on molecular phylogenies (Udayanga et al. 2012 , Gomes et al. 2013 ), as few morphological characters can be used in species delimitation 142 (Sutton 1980 , Rehner & Uecker 1994 , Chi et al. 2007 , Hyde et al. 2011 , Dissanayake et al. 2017b , Gao et al. 2017 . Currently, the pairwise dissimilarities of the internal transcribed spacer (ITS), translation elongation factor 1-α (TEF1), partial beta tubulin (TUB), histone H3 (HIS) and calmodulin (CAL) loci are useful when defining a new species (Udayanga et al. 2012 , Gomes et al. 2013 , Jeewon & Hyde 2016 , Dissanayake et al. 2017b , Gao 2017 , Santos et al. 2017 .
The leaf spot causing pathogenic species of Diaporthe (as Phomopsis micheliae Sankaran et al.) was identified from leaves of Magnolia champaca (=Michelia champaca) in India (Sankaran et al. 1987) . It is characterized by simple septate conidiophores (9-36 × 1-1.5 µm), fusiform to ellipsoid alpha conidia, and filiform, hamate beta conidia (16-34 × 1.5 µm) (Sankaran et al. 1987) . A homonym, P. micheliae C.Q. Chang et al., which was collected from living branches of Michelia alba in China, was introduced by Chang et al. (2005) . However, this was not considered as a validly published species, since the name was already published by Sankaran et al. (1987) (Hawksworth & David 1989 -Art. 53 .1). Gao et al. (2017) treated Phomopsis micheliae as a synonymy of Diaporthe michelina (C.Q. Chang et al.) 
In the current study, an undescribed species of Diaporthe is recognized by DNA sequence analysis, together with morphological characterization of asexual morphic structures.
Materials & methods

Sample collection, morphological examination and isolation
Specimens were collected from Chiang Rai, Thailand during August 2017, and macroscopic and microscopic characters were observed in the laboratory. Fungal structures were observed using a Motic dissecting microscope (SMZ 168) and a Nikon ECLIPSE 80i compound microscope. Free hand sections of conidiomata were taken and mounted in water for microscopic study. Conidiophores, conidiogenous cells and conidia were mounted in Congo red for detailed observations. Photomicrography was carried out using a Canon 450D digital camera fitted to the microscope. Measurements were taken with the Tarosoft (R) Image Frame Work software. The images used for illustrating the fungi were processed with Adobe Photoshop CS5 v. 12.0 software (Adobe Systems, USA). Single conidial colonies were established as described in Chomnunti et al. (2014) . Pure cultures were obtained on Potato Dextrose Agar (PDA) and incubated at room temperature of 28°C. To induce sporulation, cultures were incubated at 28 °C, in the dark. Conidiomata produced on PDA, were also illustrated following the above procedure.
Herbarium specimens were deposited in the Mae Fah Luang University (MFLU) herbarium, Chiang Rai, Thailand. Living cultures were deposited in the Culture Collection at Mae Fah Luang University (MFLUCC). Facesoffungi and Index Fungorum numbers were registered as explained in Jayasiri et al. (2015) and Index Fungorum (2017). Species are delineated based on DNA sequence data as in Jeewon & Hyde (2016) . DNA isolation, amplification and analysis Genomic DNA was extracted from fungal colonies growing on PDA, using the Biospin Fungus Genomic DNA Extraction Kit-BSC14S1 (BioFlux, P.R. China), following the manufacturer's protocol. Gene regions of ITS, TEF1, TUB and CAL were amplified using the primer pairs and PCR protocols listed in Table 1 . Amplifications were performed in 25 μl of PCR mixtures containing 9.5 μl ddH2O, 12.5 μl 2 × PCR Master Mix, 1 μl of DNA template and 1 μl of each primer (10 μM). The PCR products were visualized by staining with ethidium bromide after 1% agarose gel electrophoresis. Purification and sequencing of PCR products were done by Shanghai Sangon Biological Engineering Technology & Services Co., China. To ensure the integrity of the sequences, both directions of the PCR products were sequenced using the same primer pairs as used in PCR amplification. A consensus sequence for each gene region was assembled in ContigExpress (Vector NTI Suite 6.0).
The sequences generated in this study were supplemented with additional sequences obtained from GenBank (Table 2) , selected based on recent publications (Gomes et al. 2013 , Huang et al. 2015 , Gao et al. 2016 , 2017 , Dissanayake et al. 2017a . The sequence data were aligned online with the MAFFT v. 7 server (http://mafft.cbrc.jp/ alignment/server/) and manually adjusted using MEGA6 v. 6.0 where necessary (Tamura et al. 2011) . Phylogenetic analyses were based on Bayesian inference (BI), maximum likelihood (ML) and maximum parsimony (MP) methods.
MP analysis was carried out using PAUP (Phylogenetic Analysis Using Parsimony) v.4.0b10 (Swofford 2002) . The trees were inferred using the heuristic search option with 1000 random taxa additions and tree bisection and reconnection (TBR) as the branch-swapping algorithm. Ambiguously aligned regions were excluded from all analyses and gaps were treated as missing data. Maxtrees were setup to 5000, branches of zero length were collapsed and all multiple, equally parsimonious trees were saved. Stability of the clade were assessed using a bootstrap (BT) analysis with 1000 replicates, each with 100 replicates of random stepwise addition of taxa (Hillis & Bull 1993 (Felsenstein 1985) resulting from a maximum parsimony analysis, each with 10 replicates of random stepwise addition of taxa. The Kishino-Hasegawa tests (Kishino & Hasegawa 1989) were performed to determine whether the trees inferred under different optimality criteria were significantly different. ML analysis was performed using RAxML GUI v. 1.3 (Silvestro & Michalak 2011) . The optimal ML tree search was conducted with 1 000 separate runs, using the 145 default algorithm of the program from a random starting tree for each run. The final tree was selected among suboptimal trees from each run by comparing likelihood scores with the GTRGAMMA nucleotide substitution model. MrBayes v. v. 3.2.0 was used to generate the phylogenetic trees under optimal criteria per data partition (Ronquist & Huelsenbeck 2003) . Bayesian analysis was performed using MrBayes v. 3.2.0. The best-fit evolutionary models for phylogenetic analyses were selected separately for ITS, TEF1, TUB and CAL gene regions using MrModeltest v. 2.2 (Nylander 2004 ). The GTR+I+G model was selected for ITS and TUB, while GTR+G was selected for TEF1 and CAL, separately, and incorporated into the analysis. Two parallel analyses of each consisting of six Markov Chain Monte Carlo (MCMC) chains, run from random trees for 6 000 000 generations were sampled every 100 generations resulting in 20 000 total trees. The first 10 000 trees, representing the burn in phase of the analyses were discarded from each run. The remaining trees were used to calculate posterior probabilities (PP) in the majority rule consensus tree. Trees were viewed by FigTree v1.4 (http://tree.bio.ed.ac.uk/software/figtree/) and edited using Microsoft PowerPoint 2010.
Results
Phylogenetic analyses
Single gene analyses of ITS, TEF1 and TUB were carried out for all the available sequences of Diaporthe species to compare the topology of the trees and clade stability (data not shown). Based on those analyses and blast results, 48 isolates were selected (including the outgroup taxon) for the combined gene analysis of ITS, TEF1, TUB and CAL ( Table 2) Figs 2, 3 Indexfungorum: IF554061; Facesoffungi: FoF03909 Etymology -Named after its prominently flared collarettes. Saprobic on Magnolia champaca. Asexual morph from the natural substrate -Conidiomata 190-325 μm wide, 310-550 μm high, pycnidial, eustromatic, subepidermal, semi immersed, scattered, globose to ampullifom or irregular, black, outer surface smooth, convoluted to unilocular, singly ostiolate, with prominent necks 150-290 μm long. Peridium 18-25 μm thick, 5-9 cells thick, consisting brown to hyaline cells of textura angularis. Conidial mass globose or sometimes exuding in cirrhi, white to pale-yellow. Alpha conidiophores 12.1-20.6 × 2.4-3.2 μm ( = 16.6 × 2.8 μm), densely aggregated, ampulliform to subcylindrical, rarely septate and branched, hyaline. Alpha conidiogenous cells 10-17 × 1.3-2.4 μm ( = 13.7 × 1.8 μm) subcylindrical, tapering towards the apex, hyaline, with visible periclinal thickening, collarette prominent, up to 6 μm long, 5.7 μm wide. Alpha conidia 4.2-6.2 × 1.5-2 μm ( = 5.2 × 1.7 μm), less common than beta 146 conidia, oblong to ellipsoidal, apex bluntly rounded, base obtuse to subtruncate, aseptate, straight, guttulate, hyaline, smooth-walled. Beta conidiophores 10.3-19 × 1.4-3.5 μm ( = 14.6 × 2.6 μm), densely aggregated, subcylindrical, filiform or obconical, branched and septate, hyaline. Beta conidiogenous cells 3.8-14 × 1.4-2.2 μm ( = 7.9 × 1.8 μm) subcylindrical, tapering towards the apex, hyaline, with visible periclinal thickening, collarette prominent, up to 6.6 μm long, 5.7 μm wide. Beta conidia 22-31.3 × 0.8-1.6 μm ( = 27.7-1.2 μm), commonly found, straight, curved or hamate, hyaline, smooth-walled. Gamma conidia not observed. Asexual morph on PDAConidiomata 600-636 μm wide, 1045-1170 μm high, pycnidial, aggregated in small groups, globose to ampullifom, unilocular, black, with a prominent neck. Peridium consisting brown cells of textura angularis. Conidial mass globose or sometimes exuding in cirrhi, white to pale-yellow. Alpha conidiophores 12-20 × 2.4-3.2 μm ( = 17.2 × 2.8 μm), densely aggregated, ampulliform to subcylindrical, rarely septate and branched, hyaline. Alpha conidiogenous cells 11.1-17 × 1.3-2.4 μm ( = 14.4 × 1.8 μm) subcylindrical, tapering towards the apex, hyaline, with visible periclinal thickening, collarette prominent, up to 3.5 μm long, 3.2 μm wide. Alpha conidia 4.7-5.6 × 1.7-2.2 μm ( = 5.2 × 1.9 μm), less common than beta conidia, oblong to ellipsoidal, apex bluntly rounded, base obtuse to subtruncate, aseptate, straight, bi-guttulate, hyaline, smooth-walled. Beta conidiophores 13.2-20.8 × 1.3-4.1 μm ( = 17.4 × 3.6 μm), densely aggregated, subcylindrical, filiform or obconical, branched and septate, hyaline. Beta conidiogenous cells 8.8-13.4 × 1.7-2.3 μm ( = 10.8 × 2.1 μm) subcylindrical, tapering towards the apex, hyaline, with visible periclinal thickening, collarette prominent, up to 3.5 μm long, 3.2 μm wide. Beta conidia 22-31.7 × 1.1-1.6 μm ( = 28.8-1.3 μm), commonly found, straight, curved or hamate, hyaline, smooth-walled. Gamma conidia not observed. Sexual morph -Undetermined.
Culture characters -Conidia germinating on WA (Water Agar) within 12 h and germ tubes produced from one end. Colonies growing on PDA, reaching 6 cm in 7 days at 25°C, flat, initially white, aerial mycelium forming concentric rings with cottony texture, white to olivaceous, reverse zonate with white and ash-brown rings. Sporulate on PDA after 2 months incubation period in dark, at 25°C. Notes -Our new fungus Diaporthe collariana nested in between two D. subclavata strains and was more related to strain ZJUD83, which was collected from a fruit of Citrus maxima cv. Shatianyou in China, with very good support (Fig. 1) . Nucleotide comparison reveals 5 (1.3%) differences in the ITS region, 10 (2.1%) in the TEF1 region, 11 (1.4%) in the TUB region. The extype strain of D. subclavata (ZJUD95) is the next phylogenetically closest isolate to Diaporthe collariana (Fig. 1) . Nucleotide comparison reveals 15 (3.8%) were distinct in the ITS region, 46 (9.7%) in the TEF1 region, 10 (1.2%) in the TUB region. CAL region is not available for D. subclavata strains in GenBank (Huang et al. 2015) . Diaporthe collariana differs from D. subclavata in the presence of beta conidia. Furthermore, D. collariana produces prominent collarettes while collarets are absent in D. subclavata. On PDA, D. collariana produces smaller alpha conidia, which are oblong to ellipsoidal (4.7-5.6 × 1.7-2.2 μm), while D. subclavata produces fusiform to clavate conidia (5.5-7.2 × 2.2-2.9 μm) (Huang et al. 2015) . The placement of D. collariana in between two isolates of D. subclavata is rather intriguing. However, by comparing available gene sequences of D. subclavata strains, we confirm that ZJUD83 is different from its extype ZJUD95. This is further discussed below.
Diaporthe micheliae, is another species which lacks molecular data in the GenBank, and was also isolated from the same host as D. collariana (Sankaran et al. 1987) . However, D. collariana can be distinguished from D. micheliae by having prominent collarettes which are absent in D. micheliae, branched conidiophores (vs. simple conidiophores), and smaller alpha conidia (4.7-5.6 × 1.7-2.2 vs. 4.6-8.2(-11.5) × 2-2.8 µm) (Sankaran et al. 1987) . 
Discussion
Magnolia champaca is an evergreen or semi-deciduous plant native to India, and exotic to many other Asian countries including Thailand (Orwa et al. 2009 ). Dried fruits of M. champaca were collected in rainy season, under trees in Mae Fah Luang University garden and examined for fungi. The garden floor is free of pesticides and herbicides. Here we illustrate the morphology of the fungus on natural substrates and in vitro on PDA. Conidiomata on PDA are larger and produce longer necks than the ones on the natural host (Figs 2, 3) . However, other characters such as, conidiophores, conidiogenous cells and conidia are similar in both culture and natural substrates.
There are two strains of D. subclavata available in the GenBank including the ex-type. However, ex-type ZJUD95 and the putative strain of D. subclavata (ZJUD83) do not cluster together in our analysis (Fig. 1) . Isolate ZJUD83 was collected from fruit of C. maxima cv. Shatianyou in Guangdong province, China, while the ex-type stain of D. subclavata (ZJUD95) was collected from C. unshiu in Fujian Province, China (Huang et al. 2015) . Nucleotide comparison between D. subclavata isolates ZJUD95 and ZJUD83 reveals 14 (3.5%) were distinct in the ITS region, 52 (10.9%) in the TEF1 region, 9 (1.1%) in the TUB region and 31 (6.6%) in the HIS region, which means ZJUD83 isolate is probably a different species. However, no morphological descriptions are available for ZJUD83 for any comparison with holotype of D. subclavata (Huang et al. 2015) . Given that Diaporthe species are of economic importance, it would be wise to relook into the herbarium material of ZJUD83, recollect the sample and perform phylogenetic analyses on same to clarify its taxonomy.
